Background: In the last century, breast cancer incidence and mortality was higher among higher versus lower educated women in developed countries. Post-millennium, incidence rates have flattened off and mortality declined. We examined breast cancer trends by education level, to see whether recent improvements in incidence and mortality rates have occurred in all education groups. Methods: We linked individual registry data on female Norwegian inhabitants aged 35 years and over during . Using Poisson models, we calculated absolute and relative educational differences in age-standardised breast cancer incidence and mortality over four decades. We estimated educational differences by Slope and Relative Index of Inequality, which correspond to rate difference and rate ratio, comparing the highest to lowest educated women. Results: Pre-millennium, incidence and mortality of breast cancer were significantly higher in higher versus lower educated women. Post-millennium, educational differences in breast cancer incidence and mortality attenuated. During 2000-2009, breast cancer incidence was still 38% higher for higher versus lower educated women (Relative Index of Inequality: 1.38, 95% confidence interval: 1.31-1.44), but mortality no longer varied significantly by education level (Relative Index of Inequality: 1.09, 95% confidence interval: 0.99-1.19). Among women below 50 years, however, the education gradient for mortality reversed, and mortality was 28% lower for the highest versus lowest educated women during 2000-2009 (Relative Index of Inequality: 0.72, 95% confidence interval: 0.51-0.93). Conclusions: Post-millennium improvements in breast cancer incidence and mortality have primarily benefited higher educated women. Breast cancer mortality is now highest among the lowest educated women below 50 years.
Introduction

T
raditionally, high education level has been associated with higher rates of breast cancer incidence [1] [2] [3] [4] [5] [6] and mortality. 2 , 4 , 7-10 Previous studies have attributed the higher breast cancer rates among higher educated women to the more educated having an older age at first birth, lower parity, older age at menopause, greater height, greater alcohol consumption, lower total physical activity levels and greater use of postmenopausal hormone therapy. [1] [2] [3] , 10 , 11 In recent years, breast cancer incidence and mortality trends have been changing in developed countries. Incidence rates have flattened off or declined post-millennium, after rising steadily for several decades pre-millennium. 12 Rising incidence rates pre-millennium were probably due to an increase in underlying risk and implementation of mammography screening, 13 introduced in the 1980s or 1990s in many countries. The post-millennium flattening or decline of incidence rates may be a decline in underlying risk or saturation of uptake to screening programs.
14 Breast cancer mortality rates started declining around 1990 in most developed countries, 12 probably due to earlier detection via mammography screening [15] [16] [17] [18] and improved adjuvant therapy. 15 , [19] [20] [21] The recent flattening or decline of breast cancer incidence and mortality rates may not have occurred equally in all education groups. Two pre-millennium Nordic studies found that incidence rates rose less steeply over time among higher compared to lower occupational social classes. 22 , 23 This socioeconomic indicator is likely related to education level. Furthermore, several premillennium studies found that the initial decline in breast cancer mortality around 1990 occurred only among higher educated women. [24] [25] [26] [27] No study, however, has examined educational trends in breast cancer incidence or mortality post-millennium.
Taking advantage of high quality individually linked national registry data, we studied educational differences in breast cancer incidence and mortality in the entire female Norwegian population aged 35 years and older. We aimed to describe breast cancer incidence and mortality trends by educational level over four decades, 1971-2009; a period when incidence trends first rose and then flattened out, while mortality trends varied from being stable to declining. 29 we defined three education levels: low (compulsory school or less, 10 years), middle (basic upper secondary, 11-12 years) and high (final year upper secondary or tertiary education, ! 13 years). We combined final year upper secondary and tertiary education because the tertiary group was small and had few breast cancer deaths, particularly among older women during the 1970s, which resulted in wide confidence intervals around estimates. The final year upper secondary and tertiary education groups had similar breast cancer incidence and mortality rates, so estimates comparing the highest to lowest education groups were similar regardless of whether the highest group included final year upper secondary education or not.
Methods
Data material and study population
Statistical analysis
We calculated annual age-standardised breast cancer incidence and mortality rates per 100 000 person-years, by education level and age group (all, 35-49, 50-69 and 70 years and over). Rates were directly standardised using the World standard population (WSP), which is an artificial population proposed by Segi 30 and modified by Doll et al. 31 We chose this standard population for direct comparability to rates published by the Cancer Registry of Norway and International Agency for Research on Cancer. We fitted Lowess smoothers with bandwidth 0.8 to visually assess trends over time by education level. Using Poisson models, we estimated educational differences in breast cancer incidence and mortality in the age groups defined above over four decades (1971-1979, 1980-1989, 1990-1999 and 2000-2009) . We assessed for change in educational differences over time by testing for trend over four decades, and by testing whether educational differences varied significantly between consecutive decades.
As recommended when studying health inequalities, we calculated both absolute and relative educational differences in breast cancer incidence and mortality, estimated by Slope Index of Inequality (SII) and Relative Index of Inequality (RII), respectively. 32 These two indices correspond to the rate difference and rate ratio, respectively, but measure inequality across all education levels rather than comparing only two groups, and take into account the relative size of education groups. To obtain SII and RII from Poisson regression, we first assigned each education level a rank score, which represented the mid-point of the cumulative population at each level, ordered from lowest to highest. For example, if 30% of women had a low education level, the rank score (mid-point of cumulative population) was 0.3/2 = 0.15; if 20% had a middle education level, the rank score was 0.3 + 0.2/2 = 0.4; and if 50% had a high education level, the rank score was 0.3 + 0.2 + 0.5/ 2 = 0.75. This rank score was then included as a continuous variable in Poisson regression. RII was obtained directly from the regression analysis. To obtain SII as an age-standardised difference in rates, we first obtained age-specific rates estimated by Poisson regression for women with the hypothetical highest (rank score one) and lowest (rank score zero) education levels. We then agestandardised these rates and took the difference. We used bootstrap with 5000 repetitions to estimate bias corrected confidence intervals for RII and SII for each decade and age group. We tested whether RII and SII changed between decades by using bootstrap coefficients and standard errors to calculate two-sided P-values for the difference between two independent means. STATA version 14 was used for all analyses. A two-sided P < 0.05 was considered statistically significant. Ethical approval was obtained from the Regional Committee for Medical and Health Research Ethics in Norway.
Results
This study included 2 084 143 women in the mortality analysis and 2 059 719 women with no known invasive cancer history in the incidence analysis. Throughout over 40 million person-years of observation, we identified 69 380 cases and 25 630 deaths from breast cancer. From the 1970s to the 2000s, there was a four-fold increase in the proportion of observation time in the highest education group (table 1).
Breast cancer incidence
Incidence rates of breast cancer were significantly higher among higher compared to lower educated women in all age groups throughout the study period 1971-2009 (figure 1). Overall, absolute educational differences in breast cancer incidence increased slightly during the pre-millennium decades then stabilised post-millennium (P for trend in SII: 0.073), whereas relative educational differences decreased progressively over all four decades (P for trend in RII: 0.019). During 2000-2009, the highest educated women aged 35 years and over had 38% greater breast cancer incidence compared to the lowest educated women, an age-standardised difference of 63 cases per 100 000 person-years (table 2) .
Some age-specific trends varied from overall trends. Among women aged 35-49 years (figure 1b), both absolute and relative educational differences in breast cancer incidence declined progressively over four decades (P for trend: RII: 0.013, SII: 0.060). The agestandardised incidence difference declined from 41 to 24 cases per 100 000 person-years, or from 68 to 26% relative difference between the highest compared to lowest educated women (table 2) . Among women aged 50-69 years (figure 1c), absolute and relative educational differences increased during the pre-millennium decades, then decreased significantly post-millennium. Between the 1990s and 2000s, the age-standardised incidence difference declined from 123 to 83 cases per 100 000 person-years, or from 81 to 33% relative difference between the highest and lowest educated women (table 2) . Among women aged 70 years and over (figure 1d), absolute and relative educational differences decreased during the premillennium decades, then increased significantly post-millennium. The age-standardised incidence difference increased between the 1990s and 2000s from 46 to 108 cases per 100 000 person-years, or from 20 to 56% relative difference (table 2) .
Breast cancer mortality
Breast cancer mortality rates were generally higher among higher compared to lower educated women throughout 1971-2009. However, absolute and relative educational differences in breast cancer mortality were modest and attenuated after 1990 as mortality rates fell faster among higher compared to lower educated women (figure 1). Among women aged 35-49 years (figure 1b), educational differences in breast cancer mortality reversed post-millennium. During 2000-2009, the mortality rate was 28% greater among the lowest compared to highest educated women, an age-standardised difference of five breast cancer deaths per 100 000 person-years (table 3) . For women aged 50-69 years (figure 1c), educational differences in breast cancer mortality disappeared post-millennium (table 3) .
In contrast to trends for younger women, breast cancer mortality declined similarly after 1990 among higher and lower educated women aged 70 years and over (figure 1d). Both absolute and relative educational differences in breast cancer mortality remained statistically significant post-millennium (table 3) . During 2000-2009, breast cancer mortality was 20% greater among the highest compared to lowest educated women, an age-standardised difference of 19 breast cancer deaths per 100 000 person-years (table 3) .
Discussion
This Norwegian registry-based study revealed a changing pattern of breast cancer incidence and mortality by education level. Although breast cancer incidence remained higher among higher compared to lower educated women, educational differences in breast cancer incidence attenuated post-millennium. Educational differences in breast cancer mortality also attenuated as rates declined faster among higher compared to lower educated women. Postmillennium, the education gradient for breast cancer mortality became reversed for women below 50 years, such that breast cancer mortality rates became highest for the lowest educated women.
Breast cancer incidence
Pre-millennium, when breast cancer incidence was still rising, rates rose less steeply among higher compared to lower educated women below 50 and above 70 years. These breast cancer incidence trends by education level are consistent with trends observed by occupational social class in Denmark 22 and Finland. 23 Pre-millennium, higher age at first birth and lower parity substantially explained greater pre-and post-menopausal incidence rates among higher educated women. 1 However, the reproductive behaviour of higher and lower educated women has converged. Even though higher educated women still have higher age at first birth and lower parity than lower educated women, lower educated women have had greater increases in age at first birth and greater declines in parity over time. 33 Among women aged 50-69 years, who are mostly postmenopausal, incidence rates rose more steeply in the 1990s among higher compared to lower educated women, and educational differences in breast cancer incidence increased. Steeper incidence rises among the higher educated could be explained by mammography screening and postmenopausal hormone therapy, both of which have been found to explain changes in incidence trends since the 1990s in Norway. 13 , 34 Women with a high education were overrepresented in the four big-city counties that first invited women aged 50-69 years to screening during 1996-1999. Use of postmenopausal hormone therapy increased dramatically during the 1990s 35 and was more common among higher compared to lower educated women. 36 Furthermore, higher educated women were more frequent users of alcohol than lower educated women, 37 and postmenopausal hormone therapy appears to increase breast cancer risk even more among alcohol users compared to non-users aged over 50 years. 38 Post-millennium, educational trends in breast cancer incidence changed direction for women aged 50-69 years. Incidence rates flattened out to a greater extent among higher compared to lower educated women, and educational differences in breast cancer incidence declined substantially. This reduction in educational differences in breast cancer incidence post-millennium could be explained by changes in postmenopausal hormone therapy use and full implementation of mammography screening. Use of postmenopausal hormone therapy declined dramatically from 2002, 35 and to a greater extent among higher compared to lower educated women. 36 Additionally, lower educated women were overrepresented in counties that first offered screening during 2000-2004. So a flattening of incidence associated with saturation of uptake to screening probably occurred later on average among lower compared to higher educated women.
Among women aged 70 years and over, educational differences in breast cancer incidence widened post-millennium. Incidence rates declined after 2000 only among lower educated women, who already had lower rates than higher educated women. A reduction in breast cancer incidence is expected after leaving a screening program. 13 The incidence decline observed among lower educated women could therefore be the first cohort of women leaving the public screening program around 70 years of age. Incidence rates may not have declined among higher educated women postmillennium because some of these women continued to screen themselves privately after leaving the public program.
Breast cancer mortality
Breast cancer mortality was generally higher among higher compared to lower educated women during 1971-2009. However, educational differences in breast cancer mortality were consistently smaller than educational differences in breast cancer incidence. Hence, incidence-based mortality was likely lower for higher compared to lower educated women, consistent with findings from studies in Norway 39 and Denmark. 40 These studies found that earlier diagnosis and lower co-morbidity partly explained the lower breast cancer mortality following a breast cancer diagnosis among higher compared to lower educated women.
Norway has high welfare standards, universal health care access and national breast cancer treatment guidelines since 1981. Educational differences in treatment offered may therefore seem unlikely. However, if lower educated women are diagnosed later and have greater co-morbidity, their treatment may be more complex with greater side-effects, contributing to greater mortality following diagnosis. Outside the screening age, higher educated women may be diagnosed earlier because they have greater symptom awareness and exert more pressure on physicians for early diagnostic testing. Campaigns raising awareness of breast cancer symptoms may encourage lower educated women to seek earlier diagnosis.
Since 1990, breast cancer mortality has declined more rapidly among higher compared to lower educated women below 70 years of age. Hence, important factors for declining mortality rates, such as treatment advances 15 , [19] [20] [21] and earlier diagnosis via screening [15] [16] [17] [18] may have benefited higher educated women to a greater extent than lower educated women. Noteworthy is that the education gradient for breast cancer mortality has reversed for women below 50 years. Even though the higher educated are more likely to receive a breast cancer diagnosis, the lower educated are now more likely to die from breast cancer before age 50. Among women aged 70 years and over, breast cancer mortality has declined similarly since 1990 in all education groups, and educational differences have remained significant post-millennium. However, incidence trends have been less favourable for the higher educated, so mortality rates among those diagnosed with breast cancer have likely declined to a greater extent among higher compared to lower educated women. Greater mortality reductions after diagnosis for higher compared to lower educated women could be, for example, due to a greater proportion of higher educated women having screen-detected cancers, either via the public program before turning 70, or via private screening after turning 70.
Strengths and limitations
Our main study strengths are the large size, long follow-up time and the inclusion of both breast cancer incidence and mortality for the entire female Norwegian population aged 35 years and over using population and health registries. These registries are of high quality Figure 1 Lowess smoother of annual age-standardised breast cancer incidence and mortality rates, by age group and education level. Rates were directly standardised using the artificial World Standard Population (WSP) proposed by Segi 30 and modified by Doll et al. 31 The y-axis is displayed on a log scale b: Slope Index of Inequality: absolute difference in age-standardised incidence rate per 100 000 person-years (WSP) for women with the theoretical highest compared to lowest education levels. c: Relative Index of Inequality: breast cancer incidence rate ratio for women with the theoretical highest compared to lowest education levels. d: Age-standardised incidence rates estimated by Poisson regression for women with the theoretical lowest and highest education levels. e: P for trend over four decades. and completeness, so there was likely negligible information bias. We believe there was minimal misclassification of breast cancer as the cause of death. For all cancer deaths, the Cause of Death Registry is routinely controlled against the Cancer Registry.
Interpreting breast cancer mortality has the limitation that both incidence and survival influence mortality. We did not calculate survival rates because they depend on timing of diagnosis. Higher educated women were overrepresented in early screening counties, so higher and lower educated women were likely differentially influenced by lead-time bias during mammography screening implementation. We do, however, present incidence and mortality together, so could gain some insight into the direction of educational differences in breast cancer survival.
A possible source for bias was that 7% of women registered in the Central Population Registry during 1971-2009 were missing information on education level and therefore not eligible for inclusion in this study. Over half of these women with missing education level were immigrants. Therefore, for validity purposes we performed two additional analyses; first, we re-ran the analysis excluding immigrants; second, we adjusted for immigration status and ethnic background. In both validity analyses, there were only minor changes to the results and our conclusions were not altered. We therefore believe that any selection bias due to excluding women with missing education level was minimal.
Conclusion
Breast cancer has been one of the few diseases with a positive education gradient, with higher incidence and mortality rates among higher compared to lower educated women. However, our study of Norwegian women reveals a changing pattern favouring those with high education, resulting in diminishing educational differences over time in both incidence and mortality. For the youngest women there has even been a reversal of the breast cancer mortality gradient post-millennium, where the highest mortality is now found among those with the lowest education level. b: Slope Index of Inequality: absolute difference in age-standardised mortality rate per 100 000 person-years (WSP) for women with the theoretical highest compared to lowest education levels. c: Relative Index of Inequality: breast cancer mortality rate ratio for women with the theoretical highest compared to lowest education levels. d: Age-standardised mortality rates estimated by Poisson regression for women with the theoretical lowest and highest education levels. e: P for trend over four decades.
